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(57)Abstract 

PROBLEM TO BE SOLVED: To improve heat stability 
without deteriorating resolution or NLTS regarding a 
magnetic recording medium and a magnetic storage 
device. 

SOLUTION: The magnetic recording medium is provided 
with a first magnetic layer having saturation 
magnetization Ms1 and a film thickness t1, a first 
nonmagnetic layer disposed on the first magnetic layer, a 
second magnetic layer having saturation magnetization 
Ms2 and a film thickness t2 and disposed on the first 
nonmagnetic layer, a second nonmagnetic layer disposed 
on the second magnetic layer, and a third magnetic layer 
having saturation magnetization Ms3 and a film thickness 
t3 and disposed on the second nonmagnetic layer. The 
magnetizations of the first, second and third magnetic 
layers are alternately connected in anti-parallel in the 
state of no external magnetic field application, and the 
relation of Ms2 x t2<(Ms1 Xt1+Ms3 x t3) is established. 
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ftlfl2 0 0 3-2 6 3 7 1 4 



[flt*Jl 1 1 JMMHbM s i t 1 s^tss 

ttfti 0m^m±\^Wii'f^titzm^otm^.mt^ 

It 2S5t^S20tt6ii:. 

2 OffitttS±lciSlt ^> ttfcm 2 0>#«£14Jf 

ttft2<&2E&i£jf±i3i£(*b*u is^o^kMs 3St;i 

*t 3£^£>ft3(D1fcttJf 

n»«*A^m**fC^ft^«»S^. if 1, S2W 

ft 3 <D&#Lm<nmittf&m^&% L ?T\^'£ trfc y . 

M s 2 X t 2 < (MsUt1+Ms3xt3) fc&H 

ttfti ©SKBtt0±i-Ktt&*u »*D«<bMs 2»tfK 

It 2$^$2(D8tti^ 

MB 2 fl>«ttJi±l-»it bttfcft 2 afffltttJI s 

jit 3£m?&m3o>m&mt&ffi*. 

|MsUt1-Ms3xt3 | / (Ms1 xtl+Ms 

3xt3)/2<o. 3ft*B«3^«St-r*c:i:t1#« 

ttfti 0>«ttJi±l=Klt&*tfcfti ©IWttJifc* 
ttfti a>|M1SJI±l::HW&*u «I*Hc2^tl) 

S2(Dffittit, 

ttft 2 0>«ttJi -hUlRIt b nfcft 2 (D#«ttJB £ . 
Rft2C03^«ttH-hlwSlt^*t. SI*Hc3m^) 
ft3(D&1£lf 

*«iW#ffltoS*tTl*fct*«tt'e* ttft 1 . ft2&^ 

ft 3 a>«lt«a>«{b*<SESicjR¥ffi3fi^ it fc y . 

ttfti ±l3Klte»*t. ftI*Hc2SSt5 

ft20)«ttB£s 

ttft 2 (DttttJiilcKit & *ifcft 2 affttttJI (k . 

ttft2 0#Wtt«±l-»lt&*l. M*Hc3*St« 
ft3<B&ttlf <k£iiii;i. 

nsww^^wmsttTi^tc^ttiBT?. ttfti. S2si; 

ft 3 <D«tt«<D*<bA«3ESl3jR^1f LTfc y . 

|Hc1-Hc3|/(Hc1+Hc3)/2<0. 3* 

[■MM 5] ltE»2©8tti^ JWttJH-J:y» 
RSshfcfcBu lo, »»0>«ttJB^6fty. ttft 2(7) 



[»#*6] lirEfti oattjf <&««;*i£h c i % is 

IBS 3 <7)&14Jf 0>«ffi*J £ H c 3 . mllHft 2 
9lt4Jtl»JHl«Hex2mi:* |Hex2| 
>HcK MO* | H e x 2 | >H c 3fc*H«jW*:ft 

E*2©Btt»©««*tHc2, mrfBft3<7)mttPCD 

«at^$Hc3, tttE»2a>«ttJi^«it*SE««*^ 

g^Hex2t«t, | He x 2-Hc 2 | >Hc 
1 . ELO. | H e x 2-H c 2 | >H c 3 6iHff^A 

[»««8] itriafti <0«teBa>HiW««a£Hc 

1' . |friHft3(DfiBitt^CDltlW««*^ H c 3' . 0E 
ft 2 <D«ttB *<g It £ *Hex2tt5 
|Hex2|>Hd \ lO, |Hex2|>H 

c3 f ft * u i** itreatftc 

wtutwitts, »«ai-5otwiaE 

[B*S9] IJEftl CDffi1£Jf<Dl&ft«Sfc:&£Hc 

T . 1^^lBft2a){ittgcDi^lWft«^^Hc2 , . ttc 

»30>BteJia>»»««J*Hc 3* . «TlHft2 0)at14 
■tf*t*Xa«JHM*He x ZtTZt. | Hex 
2-Hc2' |>Hc1MO, |Hex2-Hc2* 

I >h c 3 ' ft*m«A<ja«fcu lire 

1 8EB0>tt«raflUfc{*. 

[iS*^ 10] i xttBSto* S#* 1 - 9 co ivr*t 
i BESOttftBBftltfc* 

«§iE«gSo 

[0001] 
[0 0 0 2] 

[ft*<7)&ffi] «JKT-f *9ttB*0>BftE1lIfiB'ett 
fflSttiTKVaREftWMtCDEMKI*. 
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[0 0 0 3] Z CO «fc 5 &fit?$r I- <fc o "C , ESU£{*©*ft^ 
a*ffliS?ro*l=-t&fcJfc«<b!ggll!llc* 
[0 0 0 4] &#t>grgt&£««-fS*:4f>l-tts «<b§ 

^Ml^o-C. «<b£@5Tf .&x*;M?- (H:fr14x* 
;u¥-) *i»tt. {*sx*;u*-(0ig 

H:£1±x*;Mf-£ia*-f Sir. «<b££lKU~< 
[0 0 0 5] ifi*f. f&tf>c»^e£li]&-r-5fc<6l^ tf 

L l^&fcftffiA^&S 2001-56924 #***Mf l=T 
^5g**iT^*„ CCDffi35;*:KTL^Jgt*«fl5-T?l*, 2 
OCD«14|g£Ru?|C03Mai45!SJf-e#SiU »K**tfc 
«tt^F B ^3ESI^*r-S^*-ti-«)o 011*. cog 
££;h/tUS&«:fta5TMSffl LfcBlftEtiJ£<*cO#i££ 
^-THT-fc-S. 00+, R u £-&3Eg«S^Jf1 2 
■C»»T**tfc«ttPl 1 <t«14Jf 1 31*. 
J:otfi¥ff©Hbe6SS!i4. «t£J11 1. 1 3<OlK 
<bi. IP*>. taSHUbtMJltroe^, 7>/<?:/XI= 
-f -Sctlcto-c. 'J-K^<;/ Kl*«teJf i 3,fctateJi 

i i cDMttcDaHbmsieinnbi: L-cgidi-r-s. m&n 

«lbfil*. 3H»rai=E»Hi: LtffltltSttttSi 3(0 
l®J?£5fl<-f SCirlZJEtSttT?. «E8ffiJ££lt;fcSl* 
(Si. i oli. StRJtl=Tl6JH 

[0006] B, 01 "CI*. «:S:«I=«tt*ft1 5£*,3* 

I*. 55«<S£Hl 2*fl-U £&$S£rJf 1 2(0-t*i&tf 
T*r-«<bA<E^LT^-5)o ±&(0Jtq<. y— K^v 

tt/Bl 3 oT. HJaMBt 

e&L«*M9l£*UEL«. L*Lfc*<&. «M4tft1 SCDt* 
8l*£fg<0l£Jg t a#(0V 1 tSSJ^fcft, Ha« 
l=l*Ettitfm»*«E«t*-Cfc*l=*»**:b&*\ 

ftEIMM* 

[ooo7] ±E©*Q#3S»tS££ffli**-±:-r?. gft» 
tta>m»«ME«IM**<ll81'C*. t£*l*jg?£«143i'> 
|:J:oT40Gb/i n 2gjga)iH^g*t(g^T-fe* 
£ *4xT l*fczMF«SLE«i0>Eeffi**<. i ooGb/ 



[0 0 0 8] L*Ltttf&. 35»*S&£JBl**ttSE« 
8M*|zj3l\TI*. SiaHJSt e;*&^a!l*;h.S<fcy 

•Dfcy-r*ct*<**w#icj:yiigs**ifc 0 biti=. 
B2fti;Bi3$ffl^T. siMteSfiiosttftEttfttt 
■c*^-r4±EiaHi=-3^-cKwr*. 

[OO 0 9] 0 21*. 01 Ic^-rfi^EStSEttlcfclt-S, 
X. 7U-^irfifMur. IttSi i. i 3©»<b;frlR)£ 

<b $*-r -s ansgfi * ffl ^ & *t fc t, <o r- * 
0 2^ -5 c:. m&mit#.m-c&z>vt& 

S T 1 XlittSSS T 2 (ZjSLVCt*. $Hbl*£$j-o LTC* 

[0010] 0 3&tf04l*. Hi l=«-r«ftEeJK« 

•5. E2lc^-rtXx'J->x;u— ^swr-5«mE^j« 
tt-ci*. «tt»i 1 i=««ii»tt**-r**t»tafflr 

«Cfcl=*-9T. BftEftiK{t±tt«>nS£tt0'<7J' 
— u V/kTMIfe. «fcyj5lM»SStt£ 
#^wfc*<-C#^. uCf. K u l*«S5fl*14cD5£». 

* KuV/kTIl S&£5£1±&S<!:tP¥l**i 

[o o 1 1 ] «SES«H*«>««*H c *«sa 

05E3S«Slc J: oTJi*:-r S d 1 1*& < *D e,*tTC*-S. 

(SHMty-f^S^H c) <kP¥l*;h.. Hrt«mESiiSi 
h#tt«««f*l+*t©-Cfc*. COT 

■e * ?> r> z. t \zmw> \z.mtn 2 

[00 12] I3&i;g4^ v-f Kto»*a# 
lc«t-3T*fet:fc«<b<»ttBI$*-r. H3 (a) I*. «tt 

^ 1 1 o>siweat*H c ■ *t^-r h^-v Kcos^a^ia 

L. a-e^-Ttttt^l l(DSSii§l*. JlttJMI4E(=ft 
«. 04 (a) l±. SttJII 1 ©D)M«a*H 

#<«:as^**-ro o*y. @4 (a)'©a^i=i*. 

+»l=^r B , 5S^lt-C. «S*^b*i*fci:#lc^t)*i.4 
tXf'J ->X;U— ^A<0 2C0«fc5'S:tX-7 L 'J vx;u— ^ 
LTt N T ffittll 1 1 H c ' A<7'f 

i-ii. 5t?*^-«fc5iz«tt^i i o>&.m&m&iEm&m 

«*T?fAt5Cttffc*. 03 (a) XUt0 4 (a) 

«fftttaE4b^e^me-c**L. fitai±«^^ffs# 
[ o o i 3 ] 0 3 c a ) o>m&* sn*,. mum -\ i cos 
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(b) Ictf-To 13 (b) 7-f^P©o^-'J 

r*. @3 (b) izsM-tttt-e. 9* ^vKoku- 

©T*0>tt»l-***-r*. 13 (b) |C^-rtt8Sl3*5l^ 

i 3izaw«*3&«»*a**t* 0 B3 (b) 

li. 13 (a) ^± - CAO>atJM>*l-*y* 

BMtjn 11*13 (b) iz^-r^^i-^v^y** 

|Z. 13 (b) *Nh>t^t>^ftcfc5(-. ^(DKftlBSK 

[0 0 14] flMSr* IliU i a>HjW«a*Hc' 0>B# 
«ftE««t(*a>tXT-y i/x;u— ^*H4 (a) X 

<7>J&/?!ctfc;Jii£l4 (b) ic^-To 7-f I 3 

(b) T*m^te<btmci><D£tii.m't&*><bt-r&c i 

4 (b) V-T K<7> H/-'J>^x r ^1 9 

i*. pa^^tsit^ttott^o 14 
(b) izssrwc. 7^fK^Kfl)H/- , j>^xf 

■icWflSf*. 14 Cb) lz^*|g|3fcOT. 

«j*<j)*<»#a**t4. 14 (b) *iz^-r*i»i*. ^ 

iZfc^T. y*r«©«*"<?l** 14 (a) 

izwriu-^-t^ca>«jMBJ«i=*y. 

tzt&t&lX^&o 14 (a) iz^-rtx^y 

Kjfi*j(^St^3 H c * ttBWMfc#tt£*U RMNBWIKI:: 

fiit*»a»*a^WHB««i-te^T. awn i<&» 
«««*Ho f «*t*. c*u^#-?t. slm*m& 

«14)f 1 l(DBHbRR*«H4 (a) or' <Dtt»**b 
Hi 1 a>B4bl*« 13 (a) icftt^f 'Jv^u-^ 



[0015]IP*>. hU-'J>^7v1 9^b2Efi3l^ 

31#^i)ico^r. 14 (b) *icjft»*wt»«r^^ 

KfltJM»«H**. COffifWl* (a) +J5t't^tfil 

hu-u >^fx^i;i 9*y t*wo> 

jft*ftaifl!>«*A:H»*lfll«>«»*ti»l'"C 
l*&fctf>. 14 (a) ^ or" t*TvtK1iH 1 o>s.m^ 

.tor. fc^>^S(Dis^y stt^fc«<b»*««®* l » 

[0 0 16] ttttJil 1 !Cj3l>TI*. 51^H«DC0ST 
^e,a»ffi«©|C^lfT(7)KH-el*. 14 (a) *B(D 

I*. 14 (a) *ACD©fflT^^ KIBJMMWB LTl* 

«ja»tt. -rx^ K^-f ^<D«mieit^ao J f 

4b"T^^ W«fc^^^tMi 40Gb/ i n2$> 

fcya>Ee*^T*ofc«^ «{ba»««(D^wba» 

««©a>IBHtt2 0 nmISi, 40Gb/i n2fBg 
|Zfelt*»Stf^ KMW (84 0nm) <fcy*»*oT 

PBI*3 0 0nm-efcy. 

®l**JSbf^ hBBIW<D4 0 nmlCibKLTa<lt*fCl^ 

[0017] cc*-ea>mi-ew&^*«k3ic 13 
(a) ic^-rtx-ru ->x;u— ^**-r***E«ai* 
-ei*. 13 (b) i^-r«fc J 5i^hu-y>^x^i?i 9 

©icajb-c* 14 (a) i^^-r txf'J vx;u— 
■r*«*E»iif*"ci*. 14 (b) iz^-r^ai^h^- 

[0018] «KE»m*i=2»ao>e^ ^*E»-r* 
j:otm K<©»#a^-at**<a*y* 2#ea>e^ h 

4«**E»*4i*-<#tt«*y *«*DI=E»Lfce^ K 
|ziS»-3TE«**t*a*36«*±L. :^NLTS 
(Non — Linear Transition Sh 

Stl*A<-(£T"r^o B3 (a), (b) Iz^-TK^E^ 
jg^C^Lt, 14(a), (b) iciFTiBftEttttM* 

■ei*. awbaswKOA^tt^^jasttifcto. nlt 

A^t)3l<III^Tt^^<7)T% N L T S IZl*»iflB»*4-^ 

[001 9] *j6«t*^8 3 (a) iz^-r^-f ^coatfi 
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T*l*«-gm*< 3-5 %gg£<b U NLTS4«30%I 

1 |::jaSJt;fr14<D*#l*#**£tefflLfc@4 (a) 
-r^-f^<D«aiSS«E«:T?l*. 03 (a) ICSTS"*:? 

[OO 2 0] 

[002 1] fCt% »»NLTSS« 
it 2 1* i> C k a < 8»SS14fl)3fe#$fT5S 5 - £ WIS 

[0 0 2 2] 

Ms i at;)gjit 1 £=rr ami ©atttst, am <o 

^zom'&.mt. mw!2o>m'&m±izwii-ni,tttzm2 

asms 3&tfK«t 3^-t^m3a>mitmt^m^ 
n-&m&tfw*az*iT^tjn,\#.mx'. if 1. 

m3roKttM0)«<bA<SESICS^lr)B^LTfcy, M 
s2xt2< (Ms1xt1+Ms3xt3) iSSHS 

[0023] _tIE<Z>gffili, ISfQ8-(bM s 1 RlS-MM t 

*w ISftaHbMs 2&iflgj? t 2$wr*B2ro«tt^ 
<t. ^m2<0«tt)l±(ciSI+c,*ifcB2a)3^«ttai:. 

m&2<D3m&m±\zmfz>ix. t&?aaMbMs 3&t;ig 
j*t 3£=frr&sfi3a>aM4jf n«a*«ta]Ai 

£4vCl*&l*tttt-C. Smi. S2&i;m3(0«14a<D 
SE-Ib^SlcS^ftl-e^LTfcy. I Ms 1 x t 1- 
Ms3xt3 | / (Ms 1 x t 1+Ms3xt3) / 2 

<o. 3tzz>®m<m3L?z>zk&ft&t?i,m%mm 

[OO 2 4] JtfB<Ogjgl±. SI*Hc 1 $ft4Sl 

zm?z>%2o>mimk. w.$n2o>m&m±\zWirtz>*i 
tz&2o>3m&mk. am2 05ipans^jii=i6it€»^ 

WHc 3 £*^f.&m 3 0>a-14lf 



te®<Da»b^3tS(CS¥fTl=e^LTfcy, Hc2<H 
61, Hc2<Hc3<jSiS4 < «4t5CtS 

[ o 0 2 5 ] ±&o>mmit. h c 1 *=frr 1 

ttt zw. 2 tomumk. ^m2<o«ten±icgi+c,*i 
fc^2<o3^«egt. g^2<o^attt^Jii=!6ite,^ 
eat* ho 3&mi-&m3o>m&mk&ffiz.. nnm& 
tfwm&HT^iz^Vim-c. ami. f2M$3roi 

14Jiro»rtbA<3SSI=&¥*Tl~$£^LTasy. I H c 1 - 
H c 3 I / (H c 1+H c 3) /2<0. 3fc.&il&A* 

fiESt-r -5 c t £ t#a t -r * «siesk« i- o r t s« 

[0026] JitacDISHIt. 1 Xli*gStOTffiSI2tiJg<* 

k. mm^mmmznLxf§m<o9^^BLis/^.n 

iSfoaubM s 1 aims 1 1 £=frr *m 1 waste 
ji,*:, ami o«ttP±«~sitt»*tt=mi ©^amjf 

a>^aii4M±(=isi+&^ t&«n»<bMs2& 
i;mj?t 2$*-r*m2<o«ttat, am2<oati4Jf-t 

l=t£l+t.:ttfc3?2OT3M8teJI£:» i$2 <D#«ttH±r= 

t&it*>*u &#Qat^bMs 3&i;igj?t 3^ti>$3(0 
m 2 at;m 3 oattaroaiibA^sj-s^fTi- 

So LTfcy. Ms2xt2< (Ms1xt1+Ms3 

x t 3) i$z>Mm<tfL*L?&zk&¥fmkTr&m$Ltzm 
mmiz&-3xim!£x&z>. 

[O 0 2 7] ±lB©Sei*, 1 Xli«a©aEmiB»!S«: 

k. ^{ami5gjen*i=«Lrif«ros^ii^xi;/xi± 
ffiSHUbM s 1 ximjs 1 1 zmr *>m 1 ©asi* 

Sir. ami 0«ttg±(-ISItt»4xf=f 1 rolfaE14^ 

ami <D2MattJI-tl-tSH-t>*V S&fQ«B<bMs2& 
tflgWt 2 SfrT-Sm 2 <&a;14/i£. if2(DKttI± 
lc|£lt€,;h.fcm2a>2M814Jti:. Mf2«)^aittM±l- 

fsi+t.*u fifo8<kM s 3 ayn t 3 $t t 3 © 
attest nspai^Eniin^^-c^'Jct^ss-c-. 
ami. m2&o:m3<7)a;ttso«<bA<xsics s Pffi- 

e^Ltfcy. |Mslxt1-Ms3xt3|/(M 
S 1xt1+Ms3xt3)/2<0. 3 *i.H^J$ 

&t •& c i: t -r satMi2iisaic «t o r im&x 

[o o 2 s] -tisaigsa. 1 xi*^Sfcro»gf5gj«<* 
t. mm$LummmziiLxmmtom2&*-&.zf/z.i* 

Wi*-liiL&ft1$otl&m£.^&k$:ffiz.. aasiE^aE 

«at*H c 1 £=rr£>mi <o«ttst. isi© 
m&m±izmit>titz&-to>3m'&mk. ssiroifi 
ttsjii-igitt.^ ««*hc 2*^-r*m2fl>a;i4S 
t. m , &2<j>m.'&m±\zwi\-tz>ixtz'&2<r>4m&.mk. 
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m&2 0)ftw&m±i~&m*-* si*Hc3Stts 

ffltJ. tt»1. l2»tfl3«)iW»I** , ttl=K 
¥ffttfcftl«-C*U. Ho2<Ho1. SO. Hc2< 

h c 3 s * ■« ififctL? zzk*®mtr 

[0 0 2 9] -tE<»fSHI*, 1 XI*«»<0*SSBS«(* 

w*, siAHd^mi^i^ 1**1© 
MM±i=Ktt&ftfc* 1< »* altt,l,fc * k»iojw 
ttH±i=si+e»*v. flt«*Ho2«*-r6«2(DaitJi 

Sg 3 05811411 *tt*#*<BP»]**i-CtxfcUtt 

qMrl^SftLTfcV. | He 1-Hc3 1/ (He 1+H 
c3)/2<0. 3 

[0 0 3 0] Sot. **WI=**ttf. »S^NLT 
S £ * It * it * - t * < ffcSStt©*^ **** 9 *- k ** 
rMK*. 2&eft*i$ffl^£«^K^&* & tf KmSB1S 

sm^n^-r * - 1 *<-c- # 

[0031] 
[0 0 3 2] 

ftGftttttl*. «!i«**7^ A 1 «M>««Wft /x_ P 
^X*J£t*ffl©8«2l-tl-. Crf»hcpftilfr 
&ftS»ttfB©c|fi*artl-El6l*-l**fcft©T*fe»2 
2*1t\.X. mi©«tt!2 3. 1g2©Bt14Jf 2 5Stf 
Sg3<0fcttg2 7ft<fl*J*£*l-Cl^. T*i2 2li. « 

(0 0 2) Hi«MTl=KflL"C^*C rM 

o ts&m ft -&t*^ i tit £H&-ettJ* * *i 

tL^^.«1.^2Ktff3©l6i23, 2 
5, 2 7 It, Co. N i » Fe. N I ft*. F e ft*& 
tfCoCrTa, CoCrPt, CoCrPt-MSt 

tco ft** & ft * 6»«**ifc*«** & * 

U. M = B, Mo, Nb, Ta, W, Cu, CXI*-* 

&©**-cfc*. mi©ffiitS2 3ar;*3©«tti2 

7 <8flSHt#a»ili* »«2 1 t¥ffftS rtl-**. 
[0 0 3 3] «l0«ttJi2 3i:«2«>«ttli2 5«>flll 
&tf|g2©«14lf 2 5tm3©«tttJf 2 7<0fai~l*. * 

g24, 26l*. Ru. Rh. I r. R u ft*. Rhft 



&&t;i r***6**f^— ^**6»lR**tfc*tl*4» 

e»lSy. BSffliO. 4 n m~ 2 . 0 n mgStfcSA'. 
14H2 4. 2 6*«fiE-rSRu©Bllf£0. 8nmll 

£>tl£>o 

[0 0 3 4] Sg3<DBS14lf 2 7©±l"l*. fcKH 2 8 A< 
»J***lTl**. #«H2 8I*. ®lxl*C*e>ft*l®-t 

L [oo3 5] aT»»wei*. «i. fg2atfm3©Bi 

14112 3, 2 5, 2 7 (DID?*** t 1 , t 2, t 3 t 
L. filPKft^Msl, Ms 2, Ms3i:L, «« 
J^/fHd, Hc2, Hc3tt5.«ia^ 2 

<Diai4e2 3, 2 at; »*«i=***«®«* 

Ms 1 x t 1 +Ms 3x t 3 > Ms2xt2 

Ms 1 x t 1 £Ms3x t 3 I*. fr-fLimCfeX-ibZ 

Mlttl^. iStMU=-r*ttf. ««7JHc 1 

He 3<0fittia<fty. B6l=*-r*3ftt^x'Ji'X 

LfcSmiaii&fctftS-^*** 7 *^ 06l*. *^Jfe 

-eft*. hh+. **i«Ht >~ ami* 

[0 0 3 6] X. ■6-CI***ftt**«. ft«*>Hc26< 

fc*BK**ft*m** 2 ©«tt® 2 5 = * lc 

*«. H7i*. c<o«is$«a^wi-*-riaT-fe«.. mi 

VftSt^tt (SNR) ^NLTSWMWE*** 
[0 0 3 7] 07^t, *gUfc0«©«imt5& 

&#co*:*wfcffi^73i::oi^ijif?s-f &<> HBicteo 

^■y Kl-fclt*S&»#2 : *©*ftl-«&** , '* t ^ 
«j vX;u-^-C3E>«.. Hiaic^-rHai:HProrai-7'f 

h^-y K«i^©*7<:<SA < *'5><fc ; 5ft^ t ^*' r ' 50 
^ ^ 3 2 3 ~ 2 7 *-C©lHt£K 

It. ^l-RyS±©Ktt)f2 3, 2 5a«Ittl2 5, 

[00381 II:. $1X^3(1)161123, 27(0 
f£B*]HGl. He 31*. | He 1-Hc3 |/(Hc1 + 
Hc3)/2<0. 3 *jSS-rS«fc^ft®HI-S^1--i. 
CtA<ll*Ut''. §t«Mc 1 , Ho3*'^roKi«I 
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[0039] mMDm&m 2 3 (D&iomit tm&o> 

«Ms 1xt1t $3 0ffitl2 7<Dfift«Hb£KJ5 
<Z)fgM s3xt3lt |Mslxt1-Ms3xt3| 
/(Ms 1 x t 1 +Ms 3 x t 3)/2<0. 3 * iHS^^ 

o temmtz&m-t z^ttf. @7^i0txfuy 

x;u-:7A^^S*i&f3I*it£o. 6 0&±lZ&~Dtz 
tbOZkftkttV. I10)Ittl2 3t. fg3(D?iteJf2 

[0 0 4 0] t2<tMO, t2<t3%-5 

■«*««-*ut*ff*L^ !g2 0>&tejf 2 5*<g 
\+*>&&m&&mZHe x2£Tf*t. |Hex2|> 
He K K^>. I H e x 2 | >H c 3 gi^&tf/X 
li I H e x 2-H c 2 |>HcK 1*3, | H e x 2-H 
c 2 | >Hc 3S5B«A<«4t4Ct*«»*L^. 

[004 1] ttftBttKftlzttLTflMI 

mi (&fl&ttJi2 30)iiwft«**H c i ' . m3oai4 

H2 7<DlWfI*$H c 3' . $2 0)1612 5*^ 
lt*S«B#MtHex2fc«i:. |Hex2|> 
H c 1 ' % fiO, | H e x 2 | >H c 3 ' ft&HflUfctf 
/XIJ | Hex2-Hc2' |>Hc1\ lO, | H 
ex2-Hc2' |>Hc3' U %>M&tftfL±L'? & Z. <t 

[0 0 4 2] d*il3cfcy, ^xiMattXEftiKtt-c 
lix »J— K^* K*&ftfc£*a>««E««t*a>E«* 

ona^ifii. a 2 oattt^ 2 5 oatibtfai 1 3 

0>«i£Jf2 3, 2 7lw»LTK»Sfll*Tl**;i£l::cfc 
yflSjftifcl&ft«&A& -tE0>*n 

<. NLTS^WSIJUo 
[0043] X, SlMS30i81ii2 3, 2 7*><Jl 

S NRT'f^.11 83dB^#« 

it**. 

[0 0 4 4] B 2 i:*t txf 'J i/Xii/-?$tt4« 
ftEftttttta*^ H4t^fcittKLfcttffi*»It-5fc 

tfS nmSa-ef*Bi:*r»3b<1 O nm^Jgfc&ig^lCjt 

[0045] c*Uw»lt* H7i:*ttxf 'J vx;i/ 



-^*»-r***js«©««E»«»w*. tifttfi 

3 0IIII2 3, 2 7©JiJ|fe9xlil Onmigi:^ 
Ccfc5I^II< Tr££7c#K mi (&&14JI2 3ICJ31VC* 

[0046] X. S2(D«ttH2 5lCl4 % SlOHfti 

2 3 * <t m 3 (Distt/i 27^?, a>X8«s^«#*<fa £ 

LTi^ f 0)$ae^S@ 7 iCfeUt ttH e x T* 
^LTU4o m2(Dfi&1±Jf2 5 li&@^Jf 
SlXtfl30ittf2 3, 2 7irjf<TBIffjW»<. 

l^o CO^Se^a^Ii. §g|Z5 00 0OeJU±lC 
tSCfctfT?**. S2<Z>«ttB2 5 0>Co»fi£Stf> 
S20Btl2 5 0)fi»t1bMs 2«<JMrr*fc 
^$lMl2fl)Ittl23, 2 7 0>«fct**<lT 

n m - 3 n m(Df IT'IS ^ C i t L CO) 

.fcaic. m2om&m2 5o>mm\t-t&\zm^ztk. 
m 2 nm&m 2 5 £m < aw«*±i=*to«a>i*±E* 

[0 0 4 7] ±BMfc*toaftEMMtatt*f:: 
oi^tBBt*. ift2l M*7X^b§ 

y>Tifel2 2^ *«2 1 ±lzKite>#tfcr^;u^r 

xi/-KH±^ Bcc«as*-r«t*i=»«ffiic 

(0 0 2) ffiA^fTl^ffifSjLTl^C r MoM«3^6 

t4o natfS30ii6i2 3, 2 7M:hi:iba 

(DCoCrPtB^b^^ S20lttl2 5liCrC 
r^64y, »Utf*20*8tti2 4 f 26liRu 
fr^U&^Ok-f&o 7*6122^^1.7^77 
Xv-KlOlflt2 5nm, CoMo^OTOKO 
KJ»I*1 Onm-Cfey. »iatf«2W«tt)|2 4, 

2 6CDJKJ?li£*0. 8nmt*fe4^0i:«o 

^2W$30I6I2 3, 2 5, 2 7<7>^J? 
It ^12nm, 2nm, 12nmtfcy, SI12 
8MIIi5nmTfWt,Ottio COl^IBi^ 

[00 4 s] ^<D«ftEsaft«cfcixrss**tfctx 

3 9000e. SM^I^H swli«&8 OOOOet 

fcofc. X. ^OSftEttiK(*a)S*9«S1btt«o. 

3 2Memu/cm2-Crfcofc e Z (DBffiEiiflltfc £ M 
EDI k-f& 0 

[OO 4 9] &&(Dtz#>\Z^ »iatf»2fl)#8ttB2 

4, 2 6&st2a>attii2 5««iBu as®««ibt 
«* h c &±EttXBflm{t m e d 1 izWipLtzm%f£. 

il«:MED2tfflILf:„ 35BSa*0>IBgttmi & 
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tfJg30>CoCrPtBBI14Ji2 3. 2 7©Hfl^o 

c r m o -F*mo>m.*t7 i *n>yr * >- fbbbb© 

ftHftMED2»*tt««t. 11*. SNRl±&*S 
NR«*U »MB:320KFCII=8ltt«4«* 

jt*#-r. «i *yw&***9i=- bbebb*me 

Di|:^ttNLTStf*ftrSCt*lCt4«B 
**tfc. X. »«ttl*tL%aWlEW»*MED1«>* 
C*%BB**fc. will*. igE&&&ii 



ssMftts^Hc- <Dttai=*o-t:»&*i*BSBtt©» 

g^ifKuV/kTffili. i«!WI#MED1»l 

B*ifc. Kul*BBB*tt©SB. V 1*8114 

OTttipaiML kl***VT2/BB. Tl*;S££* 

y2BB**BS*U sNRA<2dBgS*i*«- 
[0051] 

[*1] 



MED 1 



MED 2 



SNR 



2 3 d B 



2 1 dB 



NLTS 



12% 



11% 



5 2% 



4 9% 



KuV/kT 
7 0 



5 0 



*«BI=fc*B«EBBB©B2BBB*. 08 

*:*r»wr*. sal*. «jre««#«>«2KIS««> 

*»***BBB-C**. BB*. B5fcB-B»l=B 

[0 0 5 2] B8l=*f*3l=. *BB«©«ftE»» 
**!*. * 2 ©BttIB 2 5 tf, BBttB 3 1 l=* y »B 
**tfc«». S.* 3 " *»©««)! 2 5 - 1 ~ 2 5 - N 

CNl*3»Lt©*B) S20atttI2 5Sft 

m *«BB 2 5-1-25 - N<0^tliSSI-S 3 P 
frl=tt*LT^*Jai=BB*«**. *»*«!=* "C 
t. JtBBiBBBfcHB©***** 

[0 0 5 3] *l=, *B«I=«*B*EBBB©-BB 
«t. 0 9&tf0i ofc*l=BBf*. 0 9'*^ BBE 

«i©-BBB©»B**-rBBB**y. 01 0 
*oo5 4] ■7atfB8(=ar*5i=. bbbbbb 

tt**/v>«?>$fi 1 3fr&«S*. /v>i»*i 1 3rt 
ne, w^h- y-K^n i 7. «B©* 

1 8. «»©7-A1 1 9*1*7**3. 
x_$a. = „M 2 0*<Bl+&*tT^4. BBEBB4* 
1161* *-* 1 i 4l=*yB«**-*^^ 1 1 5iz 

. Fl 1 7 1*. BJ6-T47-A1 1 9©5fc«8 

r«^'/a>i i 8**LTBy«tt&*fci x *. 

7 -A1 1 91*. 7^I-^-^H20i:* l J 

fey ^oBB^BBlWBBB^ttBB-r*. 
[0 0 5 5] **EBBB©*BBBI*. BftEBB* 
1 i BIcBBfitfct. #««E»B#1 i 61*. 05X 



»■ s t *i=sw Lfc. jlebbebb*©b 1 
xi*B2BBB©B»«*rt-*. bb* 

1 60B»3«l=BB**if. IB**- 2ftXI*4«t 
[00561 «StE«SB©£*«»*'** B 9 *tf B 1 

oi=*-r*©i=BS4*t**©-ci*<n.^ x. *B*I= 

fc4«BEBBB-eBl**B«BBB*l*. ^J** 

[0 0 5 7] *u *B«I*» »Tl:WEr*BW**a 

[0 0 5 8] WED BBBftM.iBtfBBti 
«rr*Bi©BBBfc. ^Sl©«14g-tl-^'+^* 1 ' 
<^Bi©»BttBfc. BBi»»BttB±l=Blt&*i. 
B»BftM.2*tfB»t 2*«+«B2©BBB4:. 
K*2fl>BttB-tl=BH-&*i*:B2©#BttB4:. S 
2©jWBB±l=BI+6*u BftBHkM.3»tfBBt 
3t*«B3»BttBfc*B*. nBB»*»EP»**»> 
ti»4l«it, BB1. B2atfB3©BttB©Bfc 
*tSSI=RWI=B4L-CfiU. Ms2xt2<(Ms 
1 x t 1+Ms3xt 3) J»tBB*«*ftf * = 

BfTS. BBEBBt*. 
[0 0 5 9] WE 2) B»BfcM s 1 *tfBB t i 
t«rr*Bi©BBBfc, BBi©BttB±l=Bl+6*i 
t-SSl©#B«EH^ BBl©*B*B±l=BttMu 

tefoatibM s 2 Rismm tzzmtz&z ©««" fc » 

2©#BBBil=Blt6*t. B»BftM.3atfB*t 
3**f*B3©BBB4:*B«.. »BBIM*B»*ft 
Tl*l*Ure. BB1. B2*tfB3©BttB©B<b 
*iB»=RJMfl=BBL-C»y« |M.lxt1-M. 
3xt3|/(M S 1xt1+Ms3xt3)/2< 

0 3 **B«*«BAf *-t*BBi:r*. *^ES 
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«<*. 

[0060] (#G3) «I*Hc1$tt5$1© 

aiii^. <oatt/i±i~^itt>4i.fcmi oimit 
mt. in ro3fattB-ti::aite>4u «i*hc2* 

=rr am 2 roattnt. am2<Z>attJI-tl^lf C»4tfc 
12(0*161^:, am2fl>g|iattJl-blciSH-e>4i. « 

Sroa^bA^SIcS^FfTl^^LTfey. Hc2<Hc 
1. He 2<H c 3?S§|i«A<^Si:-r4-i:$S 

[006 1] (#G4) fii*Hc1Jtt5$1fl) 

attnt. ttfti o>m&m±izmiz>*itz&i ©#att 

=fTf .5>g5 2©attJf Mm2<D«ttSJll^ltP,tlfc 

H2a>a«&ttjf t. am2(»#attJi-ti~isH-&4t. « 
a* hc 3£=rr amsroattif ng&asfr 
wan*4vci*fcivRai?, isan. m2&i;m3<o«i4 

JfroaibfrSSKS^fxlc^L-Cfcy. I H c 1 -H 
c 3 I / (H c 1 +H c 3) /2<0. 3&&19KA<j£ 

[0062] (#ES) NEI1 „ f2fiyg3©I 
ttJf l±. Co. N i . Fe. N i F e -&±X.TfC 

oCrTa, CoCrPt, CoC r P t -MfftC 

0 fr to * S *JU- :7fr t> SK S 4lfc*Wfr & «C y , 
M = B, Mo, Nb, Ta, W, Cu, CXIiCtl&tD 
&#T?i5*Ci:$^«fr*. #E1 ~4©l»r*t*1 

[0 0 6 3] (#156) ME* 1 All* 2 0>#attJI 
14. Ru. Rh. I r . Ru£&. Rh^»y I r # 

£fr & fi: * Vji,- ?fr & ZK $ fefettttfr . 

[oo6 4] (#G7) Krism i &tm 2 oiMKttn 

I*. 0. 4nm~2. O n m(&aJS£ -5 C <t 
t-f-S. #E1 ~6ai*r2KfriaESa>aftEftfll 

ft. 

[0 0 6 5] (#G8) t2<t1, lO, t2<t 

3tez>®mtff3LtL-r&^t£&mt-rz>. #ei~7<o 
i JSEaroamEii»s<*. 

[0 0 6 6] (#129) f5Gm2 0>attJffr. Mitt 

Ht«fcy»Bf**tt=«a. ao. aa<&attsfr&ft 

y. Km2©KttB*«fiE-r-5*«ttB©«<bl*SSI= 

H-f4i.fr i )£E8a>a&Ea»tt. 
[0067] (#1210) I5ESS 1 a>attS«>«a* 

Jhc i . irri2S3roffittBco««**H c 3. 1512m 

2ro«ttS*<glt*£ft«#&£*He x 2£f Si. 

1 H e x 2 I > H c 1 . |Hex2 |>Hc35 
SH&frjS&f Set #El~90Hvf 



4l.fr 1 3®i2S<0«mi2^Jgf*„ 

[0068] (#1211) S5E£ 1 ©attJfosaa 

SHd, B5G35 2©attlf(DSa:*j£Hc 2. AG* 
3<OKttB0)««**Hc 3. H5E!g2<&attJifraH- 
52SaSai*Hex2tt*t, |Hex2-Hc 
2|>Hc1.fi-3. I H e x 2-H c 2 I >H c 3 ?S 
&zk£&m ft*. ttEl~9»l»f 

4ifr 1 JSi2®<oatmiH$t!«<*o 

[0069] (#8212) firESIS 1 (OattJlOKiMfc 
l**Ho1' . ltrl2m3(DaEttB<©Sl»«{l**H c 
3' , 15G!g2(DattJffrgH--&X&a#3£g£He x 
2tt5i. I H e x 2 I >H c 1 ' . fiO. |Hex 
2 |>Hc3' U aM««73<tl*. 15 

12«S12^}It*l-»LrmaSS^iit;'S'V K<DS#a 

eaas^-r ct^at-r-s. #ei ~9«mf4ifr 

1 BEaoaftE&Ktt. 

[0 0 7 0] (#E1 3) I5EI& 1 roffittJSOi&Mffi 
i*»Ho1' . ttEM2 0!>attJ|0!)tttt*B4l£H c 
2' . |JrES3(0«ttB<0Bl»«aE**Hc 3' . 1512 
Jg2<0«ttJi*<glt-53c&»#3£g£ H e x 2 it* 
<fc. |Hex2-Hc2' |>Hc1' , IO. |He 
x2-Hc2' |>Hc3' 6«Hft«tj£AU »»« 
a*<ttt. f5G«mi2fi!«ttl-S*LTlWffi£S#iifr^ 

l=«IS*i*«*«wt = i:S1«ltt*. #El~ 
9 ait?*.* i aE*0>aftEft*tt. 
[007 1] (#E14) S5E3S i 0BttJia>T£l= 

Kit&*ife*tt£Xi=*a.. ass i roattJfatfMEie 
k*nmtt&* #ei ~i 3<D^-r4ifri3SEa©« 

ftESMEfl;. 

[00 7 2] (#E1 5) l5ESt5i:«5Emi watt 

mto>rinzwtit*>*itz. 1 xi*isaa>TifeB*Mi-«ijt 

fcCi^BScti. #E1 4Ea<DaSES«4*. 
[0 0 7 3] (#E1 6) 1 XI±4Sa©«SlE®SSE«: 

ttaftEajttticttLTaaaae&^&tf/'xM: 

B*ttL*1fJS:3EaW*¥«i:*«*. aBSEiia 

afnaibM s i s.vm& 1 1 i <&att 

ami a>aeB±i=ait64ifcai ojhhmi 
<t. ttaia>#Btta±i=ttit&4i. «s«ia<bMs2a 

tfWt2«*tt»2(9lttifc. H2 0)Itti± 
l=ttf*&*lfe*2a>*att*&. am2<75#^attB±i- 
Ki+64i. S&fOBlbMs 3 Attn* t 3$ttSf 3(0 

attat^ffljt. ^•spa^frwftj*4i-ct.^'5:t^fi§t?. 
ami. *2&z;*3aatt*«>a<b4t££i=jE?fTf:: 

fi^Ltfey. Ms 2 x t 2< (Mslxt1+Ms3 

x t 3) ^fc^aat-r*. a&e 

aas. 

[oo7 4] (#ei 7) i xitaaoaaEaatt 
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tfKSt 2£*-r-Sf5 2(D«ttJi£. ^m2 0)filttS-t 
l-|£H-&;Kfc!g2<»#«14Jf Kfg2<D2H&14Jf±l- 

fg 2 ;&t;m3(D«14Ji<D&<bA<3ESI-£¥fTK 

| Ms 1xt1-Ms3xt3| / (M s 1 x t 1 +M s 
3 x t 3) /2<0. 

So 

[ o o 7 5 ] (ft is is) i xitm.^Lom%mm^ 

«its±i-iti+t»^fcmi oimtemt. m-minim 
<&.m±.\-m-t*^ ««*hc 2^%-r5m2o>«tt^ 

R« 2 W«tt»±l=KW- 2 

m-Cs tt«n. »2»otS3fl>atttH<oBHbA<ssi=s 

^|_e-&L-C33y« He 2<Hc 1 . a^>. He 2< 

hc 3Jtc§n«!!)^a:-rsct^©i:-rs. omen 
[ o o 7 e ] (ttlE 19) 1 xii«»a>i8&ia&&<* 

§iahci s^-fasn ©taunt, m&io 

S»2 05«1tJBJ:l=ISlte.*tf=IS2<»*«ttHi:. 

gm2 05^attt^-hi-tsi+t> ; *i- fti*Ho3$st4 

Wii:«ftLt8>). I He 1-Ho 3 | / (He 1 +H 

C 3)/2<o. 3 fc&H«*<J*&-r-& 



[0 0 7 7] Kl±. *£W$HS£09l-J:yi&WL.fc*^ 
[0 0 7 8] 

•lb $ * -& c 1 1£ < tfcSSttro&S * Sft 5 =• ^ «W 
s^tti-it^Tamwi^jre iooGb 

[02] 01 (c*-r«SI2^j«W=J3l+«'t:XT- , J->^ 

[@3] 01 i=sft*-an.E«tw=e? h#icii£*t-5 

[04] 01 i-*-raisiiB^<g«:i^tf^ h*<ssii£*t& 

[05] ^wi-*S«mis^(*<»mi^li£Wia>S3 
$^-rBT®0-efe^>= 

[06] «miB^<*<o^m*6«'-* 5,+ - 5tx " r,Ji/ 

X ^ £ 0 "C fc £ = 

[0 7] £ 2 <D«ttJll-'ftfl^A<fe -5 

ffl^fcig-&<7)tx J 5 L, J'>x;i — :7£*-f0T?ft5o 
[08] 3MMJI=fc4«»E«»tt©*2«S«a>*» 

^-r»rffi0T?&*. 

[09] *&wi~tj:z > m%&m2iW0)-mMm<7>&®2: 

^■TBiS07?fcSo 

[01 o] «miEHgsa>-isi£«fl>na5£^-t¥®ia 

[»*§-<OifciJ§] 

2 3 ^1 rofflrti If 

2 4 mi (D^KttJf 

25, 25-1-25-N ©fflE14)l 

2 6 $2(0^(1^1 

27 m3©attt^ 

3 1 #filttJI 

1 1 6 »sikisj&# 
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